Abstract: Perches serve as a behavioural enrichment and may yield benefits on broiler foot health and growth performance. The benefit may be greater for birds fed high crude protein (HCP) diets, which results in poorer litter conditions. This study investigated the effect of two perch configurations (I shaped vs. X shaped, compared with no perch) and dietary crude protein (CP) level (standard vs. high) on behaviour, foot pad health, bone density, growth performance, and carcass traits of broilers raised to 35 d of age. Perch configuration did not affect body weight (BW) at day 35 or overall average daily gain (ADG), average daily feed intake (ADFI), and gain-to-feed ratio (G:F). Likewise, there was no effect of perch provision independent of CP level for any carcass variable. Feeding standard CP (SCP) level resulted in greater bone density, carcass weight, and dressing percentage but lower breast, wing, and total edible meat yield. We confirmed that greater litter moisture (16%) related to excess dietary CP (13%) caused footpad dermatitis in broilers trending from 3 wk old to significant at 27 and 35 d of age. Provision of barrier perches did not reprieve from litter contact (perching), although more focal birds were observed resting against them and did not affect growth performance, bone density, or carcass traits.
Introduction
Perching is a natural behaviour in the poultry ethogram (Blokhuis 1984) and is considered a behavioural need in domesticated poultry (Duncan et al. 1992 ). However, modern commercial broiler barns provide few opportunities for perching to occur (Ventura et al. 2012 ). Due to genetic selection for rapid growth and muscle development in the modern broiler chicken, it is physically difficult for them to perch (Hughes and Elson 1977) . Perching behaviour in broiler chickens follows a crepuscular pattern (Le Van et al. 2000) and often increases in incidence until 4-6 wk of age (Le Van et al. 2000; Ventura et al. 2012) , after which perching decreases (Pettit-Riley and Estevez 2001; Ventura et al. 2012) .
Perch designs previously studied in broilers concentrated on height and angle of perches for maximizing utilization, with mixed results on how perch height affected broiler behaviour. Of particular note, previous studies involving broiler perches have utilized both elevated and barrier (i.e., those resting on the ground) perches, which may explain differences in results obtained. For example, early studies found elevated perch heights of 26 and 33 cm were too high to be accessed (Hughes and Elson 1977) . More recently, lower elevated perches of 7.5 and 15 cm have yielded good perch utilization , as well as elevated perches of 20 and 33 cm (Martrenchar et al. 2000) . Ventura et al. (2012) found that barrier perches grounded into bedding material are better adapted to the heavier nature of modern broilers and provide greater opportunities to express a wider array of the behavioural repertoire. The use of elevated angled perches allows broilers the choice of heights (Le Van et al. 2000) . Furthermore, perches oriented horizontally are used more than perches places at an angle or on a slope (Pettit-Riley and Estevez 2001) .
In addition to provide broilers with greater ability to exhibit a behavioural need, perches serve other important functions in the broiler barn, e.g., increasing environmental complexity (Newberry 1995; Ventura et al. 2012) , increased use of vertical space (McBride 1970) , increasing the use of central floor space (Newberry and Shackleton 1997) , the ability to spatially partition large open areas where agonistic interactions occur (Le Van et al. 2000) , increasing physical movement (Kestin et al. 1992) , and allowing air to flow beneath the birds (Le Van et al. 2000) . The major concern regarding the use of perches is whether they act as a barrier to feed access and decrease growth performance. Studies to date have found little evidence that perches cause a decrease in broiler growth performance (Martrenchar et al. 2000; Su et al. 2000; Pettit-Riley and Estevez 2001; Ventura et al. 2010) . In fact, Sandusky and Heath (1988) reported that barriers and ramps increased broiler breast and leg muscle mass. Furthermore, barrier perches may aid broilers in maintaining developmental stability (Ventura et al. 2010) ; however, the biological mechanism is still unclear. It is possible that barrier perches not only increase broiler activity (Ventura et al. 2012 ) but also increase load bearing that could improve overall leg health by increasing bone density. The previous studies have focused on tibia width (Bizeray et al. 2002) and tibial symmetry (Ventura et al. 2010 ) but have not studied bone density in relation to barrier perch use in broiler chickens.
Due to moisture in excreta and the accumulation of humidity in broiler barns during the growing period, litter moisture in direct contact with broiler foot pads often causes a contact dermatitis (Eichner et al. 2007 ). As such, pododermatitis in broilers is both an indication of high litter moisture level and a decreased broiler wellbeing (Eichner et al. 2007 ). Strategies to reduce the incidence of foot pad lesions due to litter moisture or prolonged litter contact have both economic and welfare implications (Eichner et al. 2007 ).
Broilers require a proper balance of digestible essential amino acids (AA) to achieve optimal muscle deposition. Current research focuses on the growth performance of broilers fed moderately high CP (HCP) diets, such as those containing high inclusions of coproduct feedstuffs, such as dried distillers' grain, mill run, or canola meal (Oryschak et al. 2010 (Oryschak et al. , 2012 .
At present, there are no reports in the literature describing the interactions of dietary crude protein (CP) level and provision of barrier perches on broiler behaviour, litter moisture, foot pad scores, bone density, growth performance, or carcass traits. The objective of this study, therefore, was to determine the effect of dietary CP level and provision of barrier perch configurations on resting and perching behaviours, litter moisture, foot pad scores, bone density, growth performance, and carcass traits of broilers raised to 35 d of age. We tested the null hypothesis that behaviour, litter moisture, foot pad scores, bone density, growth performance, and carcass traits would not differ between broilers fed dietary regimens differing in CP content, or provided with one of the three perch barrier treatments (no perch, X perch, or I perch configuration barriers) in a factorial design.
Materials and Methods
covered with softwood shavings. Prior to the placement of chicks on day 0, each room was bedded with a layer of 5 cm thick pine shavings. Each pen was equipped with a single, adjustable height tube feeder suspended from the ceiling and adjustable nipple-type drinkers connected to a central water line. The floor space in each pen provided with perch enrichment was reduced by approximately 1665 cm 2 (185 cm total linear length × 4.5 cm width per perch) due to the placement of two perches per pen.
Bird and bird management
Mixed-sex, Ross 308 broiler chicks (n = 1500) obtained from a commercial hatchery (Lilydale, Edmonton, AB, Canada) were transported on the day of hatch to the PRC and allocated among 34 identical pens at 45 birds per pen to achieve an estimated stocking density of 29.3 kg m −2 at 35 d of age. Prior to being placed in pens, seven randomly selected birds of each gender per pen (n = 14) were fitted with barcoded neck tags (Swiftack Poultry Identification System, Inc., Heartland Animal Health, Fair Play, MO, USA) to permit individual identification for the duration of the study. Birds were weighed as pen groups on days 0, 11, 24, and 35 and feed remaining in feeders was weighed on days 11, 24, and 35. Birds had continuous free access to feed and water for the duration of the experiment. Room temperature, light intensity, and photoperiod were controlled by automated timers and controllers, which were checked twice daily by study personnel and conformed to recommendations in the Ross 308 Production Guide (Aviagen 2014) . Water consumption, feed disappearance, and health were monitored twice daily to ensure that birds had access to feed and water, to remove mortalities, and to identify possible health concerns.
At 35 d of age, 15 birds of each gender from each perch configuration × dietary CP combination were randomly selected from those that had been tagged on day 0 in such a way that all pens were represented (n = 180). These selected birds were then banded with numbered aluminium wing bands (National Band and Tag, Newport, KY, USA) to preserve individual identity and placed into crates overnight. At 0700, the following morning, birds were weighed individually and then slaughtered as described by Schneider et al. (2012) at the pilot-scale processing plant at the Poultry Research Centre. Carcasses were then air chilled to 4°C, weighed, and then divided into edible components (major and minor breast muscles, wings, thighs and drumsticks, and trim) that were also weighed.
Experimental design
Dietary treatments were formulated on a digestible nutrient basis that contained either the breeder recommended standard CP (SCP) or HCP level in each dietary phase and one of the three perch treatments [X perch (XP) or I perch (IP) configuration; Fig. 1 ] or no perch (NP) in a 2 × 3 factorial arrangement. The effect of dietary CP (SCP or HCP) and perch provision (XP, IP, or NP) were compared in a completely randomized block design with a minimum of 5-6 replicate pens per treatment. The 34 pens used in this study were divided into four blocks based on location within the test room, with each treatment combination appearing at least once in each block. Each test pen of 45 birds served as both the experimental and sampling units for performance-related measures. Individual focal birds (or portions thereof) served as the sampling units for footpad lesion scores, behaviour observations, bone density, and carcass measurements.
Diets
Phase-specific isocaloric diets based on wheat grain and soybean meal were formulated to meet or exceed minimum digestible nutrient recommendations as per the Ross 308 production guide (Aviagen 2014) and NRC (1994) (Table 1 ). Both dietary regimens included 5% wheat distillers' dried grain with solubles (DDGS), and HCP diets were formulated to include 30% solvent-extracted Brassica napus canola meal.
Diets were mixed in a horizontal paddle mixer (Model SPC2748, Marion Mixers, Marion, IA, USA). Mixed diets were then hydrated to achieve approximately 15% moisture content by the addition of 3%-5% (w/w) water to the mix and then cold pelleted using a flat die pellet press (Model PM1230, Buskirk Engineering Ltd., Ossian, IN, USA) through a 5 mm (3/16″) die. Once cooled, pelleted feeds were passed through a roller mill (IFA RollerGrinder, Stanley, IA, USA) to produce crumbles suitable for broiler chickens.
Test diets were sampled in barn throughout the study to produce composite samples of each diet from each phase. Diet samples were then ground in a centrifugal mill (Model ZM200, Retsch GmbH, Haan, Germany) (Table 2) .
Perches
Perches were constructed from smooth-planed, construction-grade 1.5″ × 3.5″ (3.18 cm × 8.89 cm) softwood lumber. Each perch was 10 cm tall and 5 cm wide, with both configurations providing 185 cm of linear length per perch. Control (NP) pens contained no perch, whereas pens with a perch treatment were equipped with two perches of the assigned perch type (IP or XP), giving the birds a total of 370 cm of linear space to perch (Fig. 1 ). Perches were placed in pens prior to placement of chicks in such a way that access to feeders, and nipple drinkers were not obstructed. Initially, perches were set into the pen shavings, directly on the concrete floor, effectively making the perch 5 cm tall so as to limit obstructing the free movement of chicks within the pen. On day 7, all perches were raised and placed on top of the litter pack to become 10 cm tall and remained in which they were placed within each pen for the duration of the 35 d study.
Behaviour observations
Behaviour observations were conducted when birds were 13, 20, 27, and 34 d of age during morning (0930 to 1200) and afternoon (1300 to 1530). Each of two observers, spread an equal distance apart, consecutively observed 34 pens using instantaneous scan sampling on a 1 min sampling interval over four observation rotations per observation period. At each sample point, seven marked focal birds per pen (≥15% of experimental unit population) served as the sampling unit, and the behaviour of focal birds (e.g., resting or active on litter substrate) was recorded as well as the number of focal birds' atop barrier perches. A behaviour ethogram used as the basis for the observations in this study is presented in Table 3 .
Litter moisture
Litter was sampled using the trench method (Singh et al. 2004 ) at five sites within each pen on day 35. Following homogenization, each litter sample was weighed and oven-dried for 24 h at 65°C in a forced air gravity convection oven. The change in sample weight after drying was recorded, and bulk moisture content was calculated (University of Wisconsin Extension 2003). A subsample of the homogenized dried litter sample was then dried in a forced air oven at 105°C for 24 h, and the difference in sample weights recorded to calculate residual moisture content. Total litter moisture was then calculated as the sum of bulk moisture and residual moisture.
Foot pad scores
Footpad lesion scoring on days 14, 21, 28, 34, and postmortem (day 36) was based on a 4-point scoring system (modified from Ekstrand et al. 1997 ): 0 -no visible lesion or swelling; 1 -evidence of blister formation and some redness; 2 -small lesion and considerable redness; and 3 -open lesion covering the majority of the footpad, with or without involvement of the toes. Foot pad scores for both the left and right feet were recorded.
Bone strength and bone density Right femurs were removed at postmortem for bone mineral density analysis and cross-sectional area analysis using quantitative computed tomography (QCT) using a Stratec Norland XCT scanner (XCT Research SA, Norland Corp., Fort Atkinson, WI, USA) with a 50 kV X-ray tube as described by Korver et al. (2004) and Saunders-Blades et al. (2009) . Bone mineral density and cross-sectional areas were measured for cortical, trabecular, and total bone fractions from a 1 mm cross-sectional slice measured at the midpoint of the bone.
Calculations
Bird group weights at days 0, 11, 24, and 35 were divided by the number of birds on the respective days to calculate pen average bird weight and average daily gain (ADG; g bird
) for the starter (days 0-11), grower (days 12-22), and finisher (days 23-35) phases. Similarly, feed disappearance in each pen was determined for each of the three growth phases by subtracting the weight of feed remaining at the end of each phase from feed added during the same period. Gain-to-feed (G:F) ratio was then calculated for each pen for each phase by dividing ADG by ADFD.
Dressing percent was calculated by dividing chilled carcass weight by the antemortem body weight (BW) of birds prior to slaughter. Yield of individual carcass components (g kg −1 of carcass) was calculated by dividing the weight of the respective carcass components by the chilled carcass weight.
Statistical analysis
Growth performance [ADG, average daily feed intake (ADFI), and G:F] data were analysed as repeated measures using the MIXED procedure of SAS version 9.3 (SAS Institute, Inc., Cary, NC, USA). Models included the fixed effect of CP level (SCP or HCP), perch (XP, IP, or NP), and two-way interaction. Phase was the repeated term, whereas block was the random effect. Data for carcass traits were analysed using the same statistical model but excluding growth phase.
Behaviour data, registered as counts of focal birds, were analysed using the GLIMMIX procedure of SAS version 9.3 (SAS Institute, Inc., Cary, NC, USA). Statistical models included CP level (SCP and HCP) and perch treatment (NP, XP, and IP) as fixed effects and block as a random effect. Models specified a Poisson's distribution and log-link function as is appropriate for count data. Statistical analyses were considered significant when P < 0.05, not significant when P > 0.10, and a trend or tendency when 0.05 < P < 0.10.
The Pearson product-moment correlations between postscald footpad lesion scores and litter moisture (day 36) and antemortem weight (day 36) were tested using the CORR procedure of SAS version 9.3 (SAS Institute, Inc., Cary, NC, USA). Correlations were considered significant when the probability that individual measures were not related fell below 5% (P < 0.05).
Results and Discussion

Broiler behaviour
Although perching and resting behaviours were not affected by either dietary CP or perch design, there was an effect of bird age (Table 4) . A greater proportion of Van et al. (2000) , Bizeray et al. (2002) , and Martrenchar et al. (2000) , who reported an increase in perching with age. An explanation for differing perch utilization patterns in these studies is perch design. The perch design used by Martrenchar et al. (2000) had the lowest of three rails at 20 cm above the pen surface, which likely limited the ability of younger birds to perch. The height of barrier perches used by Bizeray et al. (2002) was comparable with those used in the present study, but stocking density (10 birds m −2 ) was lower, and 3.5 m of linear perch length was provided per pen, compared with 1.85 m in the present study. Likewise, the stocking density in Le Van et al. (2000) was approximately 11 birds m −2
, and though the perch designs were more complex than those in the present study, they likely offered a greater proportion of birds in test pens, the opportunity to perch simultaneously. A commonality among many previous studies and the present study is that peak perch utilization ranged between 6% and 10% of birds at any time. Although there are exceptions, such as in Ventura et al. (2012) in which peak perching frequency ranged between 10% and 25% for most of the study period, peak utilization of 10% appears to be consistent irrespective of perch design, stocking density, or ratio of bird:linear perching space. This finding suggests that while perching may be part of the behavioural repertoire of broiler chickens, it is low-frequency behaviour. Oester et al. (2005) provided evidence suggesting that the quantitative expression of perching behaviour differs between modern, fast-growing broiler strains and slower growing broiler genotypes. Nielsen (2004) also reported greater peak usage (∼20%) of perches by two slower growing broiler genotypes. Older studies, such as Hughes and Elson (1977) , used broiler genotypes that were likely slower growing than modern genotypes and reported as many as 27% of birds in a pen perching at any one time at 8 wk of age. It is possible that an unintended consequence of genetic selection for rapid growth might be reduced quantitative expression of perching behaviour. Fewer birds not on perches were observed to be resting on day 13 compared with other observation days (P < 0.01). Decline in activity with age was also observed in NP pens, suggesting that the phenomenon was independent of the presence of barrier perches. Bizeray et al. (2002) generated a detailed time budget for broilers for different activities and reported few changes over time, but consistently observed a high proportion of birds either resting or idle (not performing any specific behaviour) during observation periods. Ventura et al. (2012) also noted that increasing stocking density, due to reduced space for movement, had a detrimental effect on activity levels and reported an increased frequency of sitting with age. In consideration of the previous literature, the decline in perch utilization with age in the present study was likely due to a combination of decreasing activity levels, change in biomechanics that likely accompanies rapid growth in a Control perch treatment was omitted from the analysis of perching behaviour data. The balance of focal birds not perching or resting was observed to be "active" (see Table 3 ). There was no interaction between CP level and perch configuration (P > 0.330) for any variable above. modern broilers (Sakomura et al. 2011) , stocking density, perching observations limited to daytime hours, and the relatively limited perch space (185 cm) per pen. Some qualitative observations made by the observers in this study that were not captured in the experimental ethogram are worthy of note. Observers noted that broilers favour the jointed portions of each perch design (i.e., in which perch sections met perpendicularly; Fig. 1 ). Although the designs were different from those in the present study, this observation would seem to be consistent with that reported in Le Van et al. (2000) who described a distinct preference for main bars versus cross bars on perches with intersecting components. Furthermore, this observation would seem to support the contention that perch designs compared in this study did not offer sufficient stability for larger birds, for whom stability would presumably have been a constraint to perch usage. The second qualitative observation of note was that focal birds were frequently observed to be resting against the barrier perches on all observation days. The previous studies have used barrier perches in broilers (Su et al. 2000; Bizeray et al. 2002; Ventura et al. 2010 ) with the intention of increasing environmental complexity, improving overall bone health, and decreasing lameness. It is possible therefore that the environmental complexity provided by the barrier perches in this study may have fulfiled a thigmotactic preference through providing alternative inanimate surfaces in pens against which birds could rest. This specific phenomenon was not reported in the previous studies employing barrier-style perches (e.g., Bizeray et al. 2002) .
Our quantitative and qualitative behavioural observations suggest that future research into the provision of perches for broilers needs to take into account design as well as desired function. Our results suggest that if the objective of providing perches to broilers is to maximize the usage, particular attention should be on identifying configurations that optimize stability for birds at heavier BWs and perch carrying capacity (i.e., linear space allotment).
Litter moisture and footpad lesion scores
Litter moisture was affected by diet but not by the provision of barrier perches (Table 5 ). The moisture content of litter from test pens receiving HCP was nearly 16% greater than litter from SCP test pens (P < 0.01). This result is consistent with the previous reports of increasing protein content in broiler diets resulting in both increased water consumption (Huang et al. 2011 ) and litter moisture (Ferguson et al. 1998; Huang et al. 2011) .
From day 27 onwards, dietary CP level affected live footpad scores (Table 6 ). Birds fed the HCP dietary regimen had consistently worse footpad lesion scores on days 27, 34, and post scalding. The incidence and severity of pododermatitis in broilers is known to be positively related to litter moisture content (Taira et al. 2014) . In this study as well, litter moisture as sampled on day 35 was positively correlated (P < 0.01) to the severity of footpad lesion scores (Table 4 ). As such, our results offer further evidence that the incidence and severity of footpad lesions in broilers can be expected to increase when feeding diets contain excess CP.
The use of barrier perches within pens did not affect litter moisture (P > 0.10) that is expected given that the provision of barrier perches also did not affect feed consumption. Barrier perches in the current study offered the opportunity for a reprieve from direct contact with litter for birds but were not designed with the intent of affecting manure deposition patterns within the pen. In contrast, roosts or platform-type structures might encourage disproportionate use of space within pens and result in faecal loading of areas under these structures. The result could be better litter conditions for a majority of the pen area. Future research therefore might want to consider the use of perches or related structures as a means of affecting faecal loading within pens with the goal of improving litter conditions. Provision of barrier perches in the present study did not affect ante-or post-mortem footpad lesion scores. These findings differ from those of Ventura et al. (2010) who found a tendency for simple barriers to reduce the Note: There was no interaction between CP level and perch configuration (P > 0.10) on litter moisture. HCP, high crude protein; SCP, standard crude protein; XP, X perch configuration; IP, I perch configuration; NP, no perch; SEM, standard error mean. severity of foot pad lesions compared with controls. The working hypothesis in the present study was that the provision of barrier perches would reduce the severity of footpad dermatitis by offering the opportunity to reduce physical contact with wet litter for broilers. We hypothesized that the effectiveness of this intervention would be more pronounced for birds on a higher moisture litter content that was induced by the HCP diet. From the behavioural data, it is clear that the suboptimal usage of perches in this study likely resulted in minimal protective benefit.
Bone density and cross-sectional area
Differences in bone density and cross-sectional area were observed between dietary CP levels but not among perch treatments (Table 7) . Broilers fed SCP had higher total bone density (P < 0.01) and tended to have greater cortical bone density (P < 0.10) compared with broilers fed the HCP dietary regimen. The increase in bone density may be related to an increase in the need for skeletal strength as the birds grow larger and the heavier BWs in the SCP relative to the HCP treatment group. However, the increased growth rate is generally associated with the decreased bone mineral density (Williams et al. 2000) . Fast-growing birds tend to maximize skeletal strength by rapidly increasing cross-sectional area that reduces the ability of the birds to infill osteons with bone mineral (Williams et al. 2000) . Trabecular crosssectional area of femurs was greater for HCP compared with SCP (P < 0.01), while the reverse was observed for cortical cross-sectional area (P < 0.01). Total crosssectional area of femurs tended (P < 0.10) to be greater for the HCP treatment compared with the SCP regimen. It was unexpected that the smaller HCP birds had a greater cross-sectional surface area. Broiler chickens expand the width of bones with the increasing BW to provide additional support and strength to the skeleton (Leslie et al. 2006 ). Note: Least-squares means within a row not sharing a lowercased letter differ significantly at the P < 0.05 level. Least-squares means based on a minimum of five replicate pens per treatment combination. HCP, high crude protein; SCP, standard crude protein; XP, X perch configuration; IP, I perch configuration; NP, no perch; SEM, standard error mean.
a There was no interaction between CP level and perch configuration (P > 0.475) for any of the above variables.
Provision of barrier perches did not affect bone parameters as measured by QCT in the present study. The previous studies investigating the use of perches in broilers have evaluated leg strength based on incidence of tibial dyschondroplasia (Birgul et al. 2012) , tibial curvature (Su et al. 2000; Birgul et al. 2012) , or tibia breaking strength (Martrenchar et al. 2000) as measures of bone quality. Ventura et al. (2010) reported that broilers Note: Least-squares means within a row not sharing a lowercased letter differ significantly at the P < 0.05 level. Least-squares means based on a minimum of five replicate pens per treatment combination. HCP, high crude protein; SCP, standard crude protein; XP, X perch configuration; IP, I perch configuration; NP, no perch; SEM, standard error mean.
a There was no interaction between CP level and perch configuration (P > 0.10) for any of the variables above. Note: Least-squares means within a row not sharing a lowercased letter differ significantly at the P < 0.05 level. Least-squares means based on a minimum of five replicate pens per treatment combination. HCP, high crude protein; SCP, standard crude protein; XP, X perch configuration; IP, I perch configuration; NP, no perch; SEM, standard error mean. housed in complex barrier pens had more symmetric tibia lengths compared with controls, but neither Su et al. (2000) nor Martrenchar et al. (2000) found evidence that the provision of perches improved indicators of leg strength. Further, there is no indication that more symmetric tibia lengths improve the leg strength. The current study's broiler perch design does not have the same benefits on bone strength that have been reported in caged laying hens offered access to perches (Barnett et al. 2009 ).
Broiler growth performance
Dietary CP level and provision of barrier perches had no effect on overall average daily feed disappearance (ADFD), ADG, or G:F ratio of broilers (Table 8) . For the starter phase of the experiment (days 0-11), ADFD was greater for birds fed the SCP compared with the HCP dietary regimen (P < 0.01). Birds fed the SCP regimen were heavier on day 11 and had a greater ADG (P < 0.01). Because G:F was unaffected by dietary regimen in the starter phase, it can be concluded that the observed differences in starter phase growth performance were due to feed intake. Lower ADFD for the HCP birds was likely due to the fact that a large amount of fines after pelleted diets were rolled, which was likely attributable to the high inclusion of canola meal. The amount of fines in pelleted feeds has been shown to affect ADG (Corzo et al. 2011) . This problem was corrected in the grower (days 12-22) and finisher (days 23-35) phase diets by increasing the amount of water added to mixed feed prior to pelleting (from 3% to 5% w/w basis). There was no difference in ADFD or ADG between dietary regimens for either the grower or finisher phases. Live weight on day 35 was approximately 30 g greater for birds fed SCP compared with HCP diets (P < 0.03). This difference is likely of little practical relevance. The absence of differences in G:F between dietary treatments indicates that high dietary inclusion of coproducts, such as canola meal, does not adversely affect growth performance when diets are formulated on a digestible nutrient basis.
Provision of perches affected G:F in the grower and finisher phases of the experiment; however, the effect was inconsistent. In the grower phase, G:F of birds provided with XP was similar to NP, but nearly 10% greater than that birds provided with IP (P < 0.05). In contrast, G:F of birds provided with IP was 4% greater than either NP or birds provided with XP in the finisher phase (P < 0.04). Given the absence of a clear effect for the overall experiment, we concluded that in this experiment, provision of barrier perches did not yield any practical differences in growth performance. Our results generally agree with previous reports in the literature (Martrenchar et al. 2000; Pettit-Riley and Estevez 2001; Estevez et al. 2002; Heckert et al. 2002; Nielsen 2004) who reported that the various perch treatments studied had no effect on either final BW or feed efficiency. There is little evidence to suggest therefore that providing broilers with perches will adversely affect growth performance.
Carcass traits
Carcass weight, dressing percentage, and proportional weight of carcass components differed between dietary CP levels but not among perch treatments (Table 9) . Carcasses from birds fed the SCP regimen were heavier and dressing percent greater compared with carcasses from HCP-fed birds (P < 0.01). As a proportion of carcass weight, however, HCP carcasses yielded higher proportions of breast muscle, wings, and total edible components (P < 0.05). A possible explanation for differences Note: Least-squares means within a row not sharing a lowercased letter differ significantly at the P < 0.05 level. Least-squares means based on a minimum of 15 birds/carcasses representing a minimum of five replicate pens per treatment combination. HCP, high crude protein; SCP, standard crude protein; XP, X perch configuration; IP, I perch configuration; NP, no perch; SEM, standard error mean.
in dressing percentage and carcass weight between dietary regimens in the present study may relate to the increased proportional gut weight in HCP versus SCP birds. Canola meal not only is a high-quality protein source but also contains insoluble fibre (Bach Knudsen 1997) . Both Svihus and Hetland (2001) and Amerah et al. (2009) reported that a consequence of increasing dietary inclusion of insoluble fibre is an increase in proportional weight of the digestive tract, in particular the gizzard and ceca. Although organ weights were not measured in this study, these would explain our results.
The differences in proportional yield of edible carcass components suggest that a greater proportion of nutrients were directed to lean deposition in HCP-fed birds compared with SCP-fed birds. A possible explanation might be a suboptimal digestible AA/energy ratio in the SCP diets that resulted in more subcutaneous fat deposition. At the time of carcass dissections, subcutaneous fat would have been peeled off of the breast and counted as part of the inedible portion of the carcass (e.g., trim).
The lack of observed differences in carcass traits among perch treatments agrees with the only other report in the literature concerning perches for broilers. Nielsen (2004) reported no difference in eviscerated carcass weight among slow-growing broilers provided with one of the two different perching space allowances compared with a control (no perch). Our data indicate that provision of barrier perches did not adversely affect carcass traits in broilers.
Conclusions
We confirmed that excess dietary CP is a risk factor for footpad dermatitis and is related to litter moisture content. Broiler diets should be formulated to minimize digestible CP while still meeting digestible nutrient requirements. Our results also indicate that provision of barrier perches to modern broiler chicken strains does not affect growth performance or carcass traits. Further research into perches for broilers should focus on design considerations, in particular, the purpose of the perches, changes in bird activity over time, and biomechanical limitations of fast-growing birds.
